It has been known for some time that the sun emits radio-frequency radiation whose intensity greatly exceeds the value expected from a black-body at 6000° K. In the present paper, experiments are described in which measurements have been made of the solar radiation at frequencies of 175 and 80 Mcyc./sec. Measurement of the small powers which can be abstracted from practical aerial systems requires special types of receiving equipment if absolute measurements are to be recorded automatically over long periods of time. An apparatus has been developed in which the output power of a local source of random 'noise' is automatically and continuously adjusted so as to be equal to the aerial power; in this way the receiver is used only as an indicator of balance, and errors due to variation of its gain or internal noise are eliminated.
The problem of distinguishing between the radiation received from the sun and from the galaxy is discussed in § 4, and an aerial system which enables the solar radiation to be recorded separately is described.
The remainder of this paper is concerned with the experimental results obtained with apparatus working at frequencies of 175 and 8 0 Mcyc./sec. During the period covered by these experiments, it is natural that similar observa tions should have been made by other workers investigating radiation from the sun on radio frequencies. Particular reference is made to the results obtained by the following workers: The present paper is restricted to an account of our experiments and the results obtained. It is hoped to consider the interpretation of these results in a future paper.
M. Ryle and D. D. Vonberg 2. T h e e x p r e s s i o n o p r a n d o m e .m .f .'s i n t e r m s o f t e m p e r a t u r e s
In much of the work on this subject it has been usual to express the results in terms of the mean power flux at the receiver. As already explained, it is thought more convenient to express the received power flux in terms of the temperature of a hypothetical source which subtends at the earth an angle equal to that of the solar disk. In this section it is shown how this temperature can be deduced from measure ments in which the radiation received on a moderately directive aerial is compared with the power originating in a local source of electrical 'noise'.
It is first recalled that, according to Nyquist (1928) , the available power which may be abstracted from a resistance at a temperature T is given by the expression kTSf, where k is Boltzmann's constant and 8f the frequency band over which the energy is integrated. Similarly, the power which may be abstracted from an aerial mounted in a black-body enclosure at a temperature T is also given by kTSf (Burgess 1941) . If such an aerial is connected by a matched transmission line to a resistance, equilibrium will be attained when the resistance is at the same temperature as the enclosure. By adjusting the temperature of the resistance until no power flows, it is thus theoretically possible to determine the temperature of the enclosure.
Simple thermodynamic arguments indicate that the state of affairs is not altered if the aerial is directive; equilibrium is still maintained when the temperature of the resistance equals that of the enclosure. If, however, instead of receiving radiation from an enclosure, the directive aerial is irradiated from a black body at a tem perature Ts, which subtends a solid angle a).then in between the resistance and the aerial, the temperature of the resistance must be adjusted to a new value TA which depends on the directivity of the aerial. I f / ( 0, 0 ) represents the receptivity of the aerial per unit solid angle in the direction (d, <f>) compared with the receptivity in the direction o f the source (and assumed to be constant over the area o f the source), then is givei. by TjT = ^ > where Cl = JJ/(0, <f>) (The quantity 47t/Q corresponds to the power gain of the aerial in the direction o f the source, compared with that o f an isotropic radiator.) The quantity TA will be known as the 'equivalent aerial tem perature', and represents the temperature of the attached resistance when equilibrium is established.
3. T h e m e a s u r e m e n t o f sm a ll r a n d o m e .m .f . 's In order to measure the small powers available from the aerial system , it is neces sary to use an amplifier whose input circuit itself gives rise to thermal e.m .f.'s corresponding to an effective temperature which will be denoted by
In the absence of an input from the aerial, the deflexion of the output indicator varies in a random manner about a mean value which corresponds to TR. The instantaneous deflexion m ay have any magnitude, but the mean value obtained from a large number (n) of instantaneous readings departs from the true mean by an amount proportional to 1 l^n.If the tim e constant o f the circuits preceding the output indicator is t{, then it is possible to obtain l fa independent readings per second stant of the output indicator itself is increased to tQ, the output indicator will record an average over the tim e t0, so that it will record effectively a number n ( = t0fa), of independent readings. Then, by the previous analysis, it can be seen that the reading will fluctuate about the true mean value by an amount proportional to 1 I^Jn = It is often more convenient to consider the band widths = 1 jti and Sf0 = 1 /t0 of the circuits, and the fluctuations about the mean m ay then be expressed as proportional to V^/o/^/i)-A similar analysis has been made by Dicke (1946) .
I f now a small random.e.m.f., corresponding to an equivalent aerial temperature Ta , is injected, the output deflexion will vary in a random way about a new mean value corresponding to TR + TA. The increase in the observed mean value cau be detected if the fluctuations are less than this increase. It can therefore be seen that, apart from other considerations, the smallest value o f TA which can be detected can be reduced indefinitely by making the ratio of the band widths 8f0j8fi small enough. There are, however, serious practical limitations to this ratio. In the first place the input band width 8fi must be kept small compared with the centre frequ because one aim of the experiments is to investigate the variation of the intensity with frequency.* In the second place the time constant of the output circuit cannot be made too large, because it is desired to record rapid changes in the intensity o f the radiation. In practice the maximum value of 8ff8f0 is about 106, so that it should be possible to detect values of TA which are of the order 10_32^. * I t w ill also be shown in §7 th at a m easurement o f the diam eter o f the source requires a reasonably sm all band w idth.
In the frequency range 50 to 3000M cyc./sec. the lowest attainable values of are of the order of 1000 to 6000° K . The lim it of detection in this range is therefore of the order of a few degrees.
I f an aerial system having an effective solid angle is used for observing a source at a temperature Ts subtending a solid angle o>, the equivalent aerial temperature has been shown to be TA -Ts o)/Q.. For a source subtending an angle o f \° and, with aerials of reasonable size, (o/Q. lies between 10~4 and 10~5 for the lower frequencies, and 10-2 and 10-3 for the higher frequencies. The smallest measurable equivalent temperature of a source subtending an angle of is therefore o f the order of 104 to 105°K at 50M cyc./sec. and 103°K at 3000 Mcyc./sec.
The practical achievement of such a sensitivity involves problems which are discussed in Appendix 1.
T h e s e p a r a t io n of so la r fro m galactic r a d ia t io n
Radiation from the galaxy causes a simple aerial at a frequency of 175M cyc./sec. to have an equivalent temperature which never falls below about 200° K , whilst the corresponding figure for 80 Mcyc./sec. is about 1000° K . I f accurate measurements of solar radiation are to be made, it is therefore necessary to use a sufficiently direc tive aerial system to provide, from the sun, an e.m.f. comparable with that produced by the galaxy. An aerial system of this kind would be inconveniently large at these wave-lengths, and would have the further great disadvantage that continuous rotation would be necessary for observation o f solar radiation throughout the day.
M. Ryle and D. Vonberg An alternative system has therefore been devised which allows continuous obser vation of the solar contribution separately from that due to the galaxy, without the need for a highly directive aerial. In this system two fixed aerials are used, separated by about ten wave-lengths, and situated on a line running east and west. Such an arrangement produces an interference pattern having minima separated by about 6°, as shown in polar co-ordinates in figure 1. When a source such as the sun, which subtends a small angle, m oves across such an interference pattern, the power received varies in a periodic manner from a minimum value, which is virtually zero, to a value twice that which would be received by a single aerial. On the other hand, a source, such as the galaxy, which subtends an angle large compared w ith the separation o f the interference minima, gives rise to a nearly constant power. The solar contribution then appears on the recorded trace as a periodically varying signal, whose amplitude m ay be determined accurately even when it is smaller than the galactic component.
Practical details o f the aerials used in this system are given in Appendix 2 (a), and a typical record obtained during a period o f increased solar activity is shown in figure 2. 
Ope r a t io n of t h e co m plete s y st e m
Details of the apparatus which has been designed for measuring the small e.m .f.'s available from the aerial system, are given in Appendix 1. The e.m.f. from the aerial is compared with that from a local source of noise power, and it is arranged that the latter is continuously and automatically varied to maintain a balance. A diode operating under temperature-limited conditions is used as the local source o f noise power, and the output of such a generator is directly proportional to the mean anode current (Schottky 1922). The anode current m ay therefore be used as a measure of the power available at the termination o f the aerial feeder and, after correction for the feeder losses (see Appendix 2 (a)), as a measure of the equivalent aerial tem perature.
The anode current of the diode is therefore used to operate a pen recorder, which then gives a continuous record of the equivalent aerial temperature. B y observing the amplitude of the fluctuating component of this trace, as the spaced aerial system moves with the earth's rotation, it is possible to determine that part o f the equivalent aerial temperature which is due to solar radiation.
It has been shown in § 2 that if the effective solid angle (D) of the aerial system is known, it is possible to convert the observed values of equivalent aerial temperature into the equivalent temperatures of a black-body source subtending an angle of |° The method of estimating Q is discussed in Appendix 2 (a), and with this knowledge the readings of the recorder chart can be converted into ' equivalent temperatures of a source'. This, in outline, is the system which has been used at frequencies o f 175 and 80Mcyc./sec. in the experiments to be described in the remainder of this paper.
T h e t e m p o r a l v a r ia t io n o f i n t e n s i t y
It is convenient to divide the discussion of the results into short-lived 'bursts' of radiation, (6) sudden large increases of intensity, observed during periods of increased solar activity, and (c) the day-to-day variation of mean intensity observed over a period of several months. An examination of large numbers of such records has shown that there is apparently no correlation between the times of individual bursts of this type on the two frequencies.
(b) Sudden increases of the radiation A t times there are sudden large increases of intensity, which m ay attain values 10 times (for 175M cyc./sec.) and 20 to 100 times (for 80M cyc./sec.) the mean in tensity and may last for many minutes. W hilst it is probable that no real distinction can be drawn between these disturbances and the small bursts described above, it is usual for the larger increases to be observed on both frequencies although the tim e of commencement m ay differ by a few; minutes. It is also common for these sudden increases to be associated with solar flares and the * catastrophic ' type o f ionosphere disturbance which produces radio fade-outs on short waves and enhance ments on very long waves. A typical example o f a sudden increase is shown in figure 3 .
(
c) Day-to-day variations of mean intensity
The equivalent temperatures of a source (see § 2) averaged over the four m idday hours o f each day, are plotted in figure 4 for the period covered by our observations. It is first o f interest to consider the ratio o f the intensities at the two frequencies and the ratio of the equivalent source temperatures (TS0/T17S>) is also plotted in figure 4. A comparison of these curves shows that the departure from the mean value of the source temperatures at either frequency is notably greater than the departure from the mean o f the ratio of the source temperatures. I t is therefore concluded that the day-to-day variations of intensity at the two frequencies are to figure 5 have a duration of the order of 2 to 3 days, any explanation would involve the assumption of directed emission of the radiation with an angular distribution which was different at the two frequencies. It has already been suggested that the results shown in figure 4 lead to the conclusion that the day-to-day variations at the two fre quencies are to some extent related, and if the recurrence tendency o f figure 5 is substantiated by further measurements, the results will seem to suggest that the intensity of the radiation at the earth is determined jointly by:
(i) the general excitation conditions, which affect both frequencies in a similar manner, and are apparently of a random nature, and (ii) the angular distribution of the radiation em itted by the sun, which m ay be different at the two frequencies. 7
M e a s u r e m e n t o p t h e d ia m e t e r o p t h e so u r c e
In July 1946 the solar radiation became, for a short tim e, unusually intense, and the opportunity was taken to measure the diameter o f the source at a frequency o f 175 Mcyc./sec. The method adopted was an extension o f the spaced-aerial system used to eliminate galactic radiation. B y increasing the spacing between the aerials, the angular separation between the minima of the interference pattern can be progressively decreased, and when this angle becomes comparable with the angular diameter of the source, the received e.m.f. no longer falls to zero at the minima. B y measuring the ratio of maximum to minimum e.m.f. obtained with a series of different aerial spacings, the effective diameter o f the source can be determined. This method is analogous to Michelson's m ethod for determining stellar diameters, the spaced aerials taking the place of the spaced mirrors, and the observed values of maximum to minimum corresponding to the ' visibility ' of the interference fringes in the optical case.
The experiments were carried out using two arrays (each o f eight half-wave dipoles in front o f a reflecting screen) mounted on an east-west line, with the axes of maximum gain aligned on the sun at noon. Observations were made with spacings of 25,90 and 140 wave-lengths; a typical record obtained with a spacing of 140 w ave lengths is shown in figure 6.
With a fixed spacing between the aerials, a -small change of frequency will cause a shift of the interference pattern at angles away from the axis of the system (south). Owing to the finite width of the frequency spectrum which is accepted by the amplifier, the maximum to minimum ratio observed when the sun is at an appreciable angle from south will therefore be less than the true value corresponding to the diameter of the source. After subtracting the galactic contribution (obtained from records using a small aerial spacing) from records of the type shown in figure 6, the midday value o f the maximum to minimum ratio corresponded to a source of diameter 10 min. of arc. The effects of impedance mismatch and unbalance in the aerial system are dis cussed in Appendix 2 (6), in which it is shown that such effects can only give rise to an overestimate of the diameter of the source. I t is therefore concluded that the source of this intense radiation subtended an angle, in the east-west plane, not greater than 10 min. of arc.
This result indicated that the effective temperature of the source was considerably greater than that estimated for a source subtending an angle of £°, and for radiation at a frequency of 175Mcyc./sec. was at least 2 x 108 9 °K.
T h e p o l a r iz a t io n o p t h e r a d ia t io n (a) Measurement of polarization
Experiments have been made to determine the polarization of solar radiation at a frequency o f 175 Mcyc./sec. W hilst the complete analysis of a mixture of polarized components requires a rather complicated experiment, preliminary measurements with an aerial system capable of rotation about an axis normal to the wave front showed the absence of plane polarized components. In addition, it has been found that on most occasions when the intensity is large, the polarization is completely circular. Measurements have therefore been restricted to a determination of the intensities of the two circularly polarized components.
Two systems have been used; the first is a development of the spaced aerial system and is suitable for the accurate measurement of the degree of polarization even when the intensity is smaller than that due to the galaxy; the second is not suitable for quantitative measurements except when the solar radiation is large, but is rapid in operation and therefore provides information on the polarization of individual * bursts ' of radiation. In the first method two simple linear aerials were used, spaced 10 wave-lengths apart and with their axes of polarization perpendicular to each other. Figure 7 shows how the arrangement would appear when viewed from the direction of the sun at midday. If the radiation incident on this system were randomly polarized, as from a source of pure thermal 'noise', the radiation received on the two aerials would be incoherent, so that the resultant power would not vary as the path difference from the source to the two aerials was altered. There would therefore be no periodic variation of the resultant power as the sun moved past the aerial system. The existence of a fixed phase relationship between the horizontal and the vertical components of the field in the incident wave would result in a periodic variation of the resultant power as the relative phase at the two aerials changed. The direction of the sun relative to the line between the centres of the two aerials, at the moment when the power reached a maximum enabled a distinction to be made between the incidence of right-and left-handed polarized radiation. By comparing the amplitude of the variation observed on the record with that obtained with two similar aerials having the same polarization (as in § 4), it was also possible to determine the extent to which the radiation was polarized.
In the second method, two aerial systems with perpendicular planes of polariza tion were mounted with their axes coincident, but displaced by a quarter of a wave length in a direction normal to the incident wave front. If the outputs of these two aerials were combined, the incidence of a circularly polarized wave of one sense then gave an output power double that of a single aerial, whilst the incidence of a wave of the opposite polarity caused complete cancellation, and no output power was obtained. By combining the outputs of the two aerials in such a way that an extra half wave-length was introduced in one path, the behaviour could be reversed, and the system could be made sensitive to the opposite polarization. For a randomly polarized wave, equal power outputs were obtained in the two arrangements. By comparing the powers obtained with the two methods of connexion it was therefore possible to determine immediately the sense, and the degree of circular polarization in the incident wave. In the presence of galactic radiation, however, it was not possible to assess the ratio accurately except when the intensity of solar radiation was large.
The results obtained with these systems at a frequency of 175 Mcyc./sec. have shown that at times of large intensity (associated with an increase of activity in a particular source region) the degree of circular polarization is nearly always complete. The sense of the polarization is differentfor different active regions and it is a possible conclusion that the radiation from any particular source is fully polarized; the simultaneous reception of radiation from two or more sources (as at times of no special activity) would then give rise to resultant fields showing incomplete polarization.
It has been found that in nearly all cases the polarization of the short-lived bursts described in § 6 (a) is of the same sense as that of the background radiation. This suggests that these bursts may arise from brief increases of the excitation of regions already responsible for the general radiation. It is possible that the general back ground of radiation is, in fact, the resultant of a large number of short bursts, only the larger of which can be resolved on an apparatus with an output time constant of the order of half a second.
(b) Correlation with solar magnetic fields
It is natural to suggest that the production of circularly polarized radiation is related to the magnetic fields of the sun, and in particular to the magnetic fields of sunspots which cause radiation of high intensity. It is of importance to seek a relation between the sense of the polarization and the direction of the field in the region of the source. It may be shown that a clear-cut correlation of this kind would enable a distinction to be made between two possible regions for the production of the radiation.
An attempt has therefore been made to relate the sense of the polarization to the sense of the magnetic field of the sunspot as determined by observations of the Zeeman effect. During the period of these experiments, sunspot activity was con siderable, and it was usually not possible to locate, with certainty, the sunspot responsible for the increased radiation. In addition, the complex nature of the magnetic fields of most large sunspots usually made it necessary to know the position of the source region within the spot group. It was sometimes possible to make an estimate of the position of the source by observation of the variations of the intensity as the spot group crossed the meridian, but it is clear that a conclusive result is only likely to be obtained by making a large number o f such observations, or alter natively by using an aerial o f high resolving power. Out o f sixteen observations analysed in this way, nine corresponded to radiation having the polarization o f the ordinary wave o f A ppleton's magneto-ionic theory for electrons, three corresponded to the extraordinary wave, and four were inconclusive. (For a sunspot having a magnetic dipole w ith its north-seeking pole directed away from the centre of the sun, the ordinary wave has left-handed polarization, i.e. the electric vector rotates anti-clockwise when viewed along the positive direction o f propagation.)
S u m m a r y o f e x p e r im e n t a l r e s u l t s
It has been found th at the sun at all tim es emits radio-frequency radiation whose intensity exceeds that expected from a source at 6000° K. The minimum intensity These difficulties have been largely overcome by Dicke (1946) in a m ethod which periodically replaces the aerial by a load resistance at room temperature. I f the load resistance and aerial present equal impedances to the amplifier input, the amplitude of the square-wave output when such a switching is carried out at a high speed, provides a measure of the difference between room temperature and the equivalent aerial temperature.
The output reading is, however, still proportional to the gain o f the receiver, which m ust therefore be kept constant. The output also depends on the law o f the detector, and, in general, calibration o f the apparatus is necessary. A ny such calibration m ust be made with an e.m.f. having a wave form similar to that o f the e.m.f. to be measured. The use of such a calibration source also renders it unnecessary to correct for variation of the amplifier gain across the band of frequencies accepted and is therefore desirable even when the law of the detector is known.
A m ethod has been developed which overcomes these difficulties and, besides giving an output reading which is independent of the gain and frequency response of the amplifier, and the law of the detector, has the additional advantage o f being capable of operating over a wide range of input powers w ithout the necessity for calibrated switching of the gain.
(6) Description of the system adopted In this system a local source of noise power is continuously adjusted so as to be in equilibrium with the aerial. This adjustm ent is achieved by alternately switching the amplifier input between the aerial and the noise source. I f the impedances of the aerial and the noise source are equal, equilibrium between noise source and aerial is attained when equal power flows at the amplifier input in the tw o switch positions. This condition is independent of the impedance and the equivalent temperature of the amplifier input. I f the powers introduced from the aerial and from the noise source are not equal, the output o f the detector will vary at the switching frequency, and this output voltage can be used to adjust the effective temperature of the noise source until equilibrium is attained. Such adjustm ent does not depend on the gain or frequency response of the amplifier, or on the law of the detector. Figure 8 is a schematic diagram o f the system . The accuracy with which measurements can be made with such a system will be discussed in the next section. In practice, the input powers involved are inconveniently large for production in a heated load resistance, and a diode operating under temperature-limited conditions provides a more convenient source of noise power, control o f the output being achieved by adjustment of the filament temperature.
An investigation of radio-frequency radiation from the sun
The r.m.s. noise current in a band width 8f flowing in the anode circuit of a temperature-limited diode has been shown by Schottky (1922) to be given by the expression ^J(2eI8f), where I is the mean anode current and e the electronic charge. If this noise current flows through a resistance r, the noise power generated in the resistance is given by 2 elrd f.In order to provide a source of noise pow presents the same impedance as the aerial, it is necessary to terminate the feeder from the switch to the noise source in a matching resistance (72). The diode noise Vol. 193. a . current now flows through a resistance of \R, and the available diode noise power which can be abstracted from the feeder is given by \eIR 8 f, which corresponds to a temperature TD of the terminating resistance given by
where k is Boltzmann's constant. The total available power therefore corresponds to a temperature T0 + eIR /2k, where jT 0 is the actual temperature of the resistance.
The equivalent aerial temperature may thus be measured in terms of the mean anode current of the diode.
The operating range of the instrument may be altered by inserting an attenuator between the diode noise source and the change-over switch. The effective tem perature of such a system can be shown to be (TD + T0) a -f T0( l -a) = T0 + ocTD, where TD = eIR/2k, T0 = room temperature and a = power attenuation c Under these conditions the sensitivity, expressed in degrees per milliampere of diode anode current, is determined only by a, and if the gain of the amplifier is automatically maintained at the optimum value by a long time constant automatic gain control circuit, the change of the attenuation constant is the only adjustment required to change the operating range.
The finite time taken to alter the temperature of the diode filament results in a time lag in the correction of a misalignment between aerial power and diode power, and this may lead to instability of the system. This effect is analogous to the in stability of all types of servo-mechanism containing£ inertia ', and may be eliminated by applying to the diode filament an additional voltage proportional to the rate of change of the anode current.
(c) A nalysis of the accuracy of the system
In this section the sources of error in the system will be considered and an estimate made of their magnitude.
(i) ' Following' accuracy
In order to provide the necessary control voltage to the filament of the noise diode, a small misalignment must exist between the powers reaching the amplifier input from the aerial and from the noise source. The actual error in the mean recorded reading which is introduced depends on the preset bias voltage applied to the diode filament in the absence of an input signal, but the maximum error which can occur with any bias setting can be estimated.
If the overall gain of the amplifier is O, and the output voltage which must be applied to the filament of the diode to vary the noise output from zero to maximum is V, the maximum error in the recorded reading of equivalent aerial temperature is given by 8TA = V/G. It is therefore important that the overall gain should be as large as possible. The gain is limited by overloading of the output stage of the amplifier (on the assumption that the necessary conditions for stability-as discussed in the previous paragraph-are satisfied). I f the injected e.m .f.'s are small compared In practice it is not convenient to make V' m any tim es V, so that a static 'fol lowing ' error of the same order of magnitude as the residual fluctuations o f amplifier noise (TR/\Jn) is to be expected. Although such a gain could be used satisfactorily under static conditions, the response to rapid changes of equivalent aerial tem perature would be poor owing to the fall of gain which would result from overloading of the amplifier with a steadily increasing input from the aerial. An evaluation of the optimum value of gain requires a detailed analysis of the response of the system to various wave forms of the signal envelope, such as a step function and a con tinuously increasing signal ('velocity lag ') but with a fixed value of V'/V, it becomes necessary to reduce the gain considerably, particularly if it is required to follow changes comparable with the heating tim e of the diode filament. For a response time of the order of 0*2 sec., a reduction of gain of approximately 3 :1 has been found most suitable for the particular diode used, and the 'follow ing' error will therefore be of the order of 3 TR/*Jn. At a frequency of 175M eyc./sec. TjR^3000°K , and for an input band width of 2Mcyc./sec. and an output band width of 5 eye./sec. the error will be about 15°K .
With input e.m .f.'s corresponding to aerial temperatures greater than TR, the output of the amplifier is given by G(8TA + TA/jn ) thus giving a following error of the order of 3
TAf^n.With large signals a proportional error is therefore introduce which has a value, for the same band width constants, of about \ %.
(ii) Effect of a mismatch of the aerial
If the aerial and noise diode present unequal impedances to the amplifier input circuit, the noise originating in the input circuit will develop a different input e.m.f. in the two switch positions. Thus although a negligible loss of aerial power m ay occur as a result of such a mismatch, the change of amplifier noise m ay have the effect of displacing the effective aerial temperature by a constant increment. The apparatus will then still read changes of aerial temperature correctly, but will have a displaced zero proportional to the noise power in the first circuit of the amplifier. An accurate evaluation of this error involves a knowledge of the noise power which can be affected by a change of the shunt impedance (i.e. noise due to circuit losses and transit time but excluding the anode current shot effect) and also a knowledge of the value of impedance mismatch which gives the best noise factor. For frequencies in the neighbourhood of 175 Mcyc./sec., the grid circuit noise (including that due to a finite transit time) is likely to be of the same order as the shot noise, and an equivalent temperature ( T'R )o f 1500° K can be assumed.
For the case of a * matched ' input, the variation of the input e.m.f. to the amplifier due to grid circuit noise, as small departures from the matched condition are made, can be shown to correspond to changes o f aerial temperature of the order of jT»{1 -4/(1 +y)^}> where y is the ratio of the aerial impedance to the matched value.
For a value of y of 1* 1 and T'R = 1500° K , the error corresponds to a displacement of the equivalent aerial temperature by 150° K. I t is therefore necessary to m aintain the aerial impedance accurately equal to the impedance of the diode noise source, if absolute determinations of equivalent aerial temperatures of a few hundred degrees are required. It has been shown in § 4, however, that providing changes o f equivalent aerial temperature can be determined accurately, absolute measurements to this order of accuracy are usually unnecessary since the incidence of galactic radiation makes the direct measurement of solar radiation impracticable with a simple aerial system. In order to determine the equivalent temperature of a source, having measured the equivalent aerial temperature, it is necessary to know Q, the integral over a sphere of the receptivity of the aerial system relative to the receptivity in the direction of the source. An attem pt to determine Q directly, by measuring the power gain in the direction of the source, would be liable to serious errors due to ground reflexions unless carried out with the aerial mounted at the correct angle o f elevation. The measurements would involve the use of an elevated source, and owing to the practical difficulty o f providing such a source, it was found more convenient to calculate II from the polar diagram of the aerial system. The aerial used on 175Mcyc./sec. consisted of an array o f eight half-wave dipoles mounted JA in front of a reflecting screen. When such an aerial is used to observe the radiation from a £° source, the relation between source temperature and aerial temperature (Q/w) for a source situated in the maximum o f the polar diagram is 6*4 x 10®. I f two such aerials are used for measuring solar radiation separately from the galactic background, the difference between maximum and minimum of the equivalent aerial temperature as the interference pattern is swept past the sun m ust therefore be multiplied by 3'2 x 103 in order to give the equivalent temperature of a source. I f such observations are made at times other than near noon (when the sun is near the maximum of the polar diagram of each aerial in the horizontal plane), j«-------------------------------10A ----------------------------------- it is necessary to correct for the reduction in gain. Similarly, the elevation angle o f the aerials m ust be adjusted throughout the year so that the maximum o f the vertical polar diagram also coincides with the direction of the sun at midday. The errors which are likely to be introduced by such causes, and in the estimation of D, make it difficult to determine the equivalent temperature of a |° source to an accuracy of better than ± 10 %.
M. Ryle and D. D. Vonberg
On 80M cyc./sec. the larger size of the aerials necessitated a somewhat simpler arrangement, and only four half-wave elements were used in each half o f the system . The feeding arrangements for the two types of aerial are shown in figures 9 and 10.
With aerials o f this type, the smallest detectable temperature for a 1° source is of the order o f 104 °K.
(6) The effect of mismatch of the aerial impedances on the measurement of source diameter
It has been shown in Appendix 1 (c) that if the aerial feeder and diode noise source present unequal impedances to the amplifier input, a displacement o f the zero o f the record of equivalent aerial temperature can occur. Such a displacement would affect the observed maximum to minimum ratio if it were comparable with the amplitude at the minima, and would have the effect of increasing or decreasing the apparent diameter of the source. For an impedance m ism atch ratio o f 1*1:1, the maximum zero displacement of equivalent aerial temperature is o f the order of 150° K . During the experiments described in § 7 the intensity of solar radiation was very great and even at the minima the equivalent aerial temperature was m any times the m aximum zero displacement. A mismatch of the impedance of the whole aerial system could not therefore produce an appreciable error in determining the source diameter.
An additional source o f error may arise from asymm etry of the aerial system; any difference between the polar diagrams or impedances of the two aerials would cause unequal powers to reach the junction point of the two feeders, and would thus increase the observed minimum power. Such an effect would be interpreted as an increase of the source diameter.
The polar diagrams of the two aerials could easily be made sufficiently equal to introduce no appreciable error, but careful impedance measurement was necessary, since a mismatch ratio of 1*1:1 could give rise to a minimum power, with a point source, equal to 10 % o f the maximum. W ith the maximum aerial spacing which could be used, the observed values of maximum to minimum ratio were o f the order of 8:1. ;
It should be noted that any errors in the detr mination of source diameter which are due to unequal impedances of the two aerials, will result in an overestimate o f the diameter. The final figure of 10 min. of arc, obtained during these experiments, is therefore a maximum value. 
